The bacterial host ranges of the conjugatively self-transmissible IncN group plasmid pCUl and its mobilizable miniderivative, pCU785, were examined. Species of the gram-negative purple bacteria were chosen for this study. Conjugative mobilization of pCU785 into a wide variety of bacteria was facilitated by the presence of oriT of the broad-host-range plasmid RK2 in pCU785. Although the host range of the IncN tra system of pCUl is broad, the host range of its replicon is limited. However, the pCUl replicon can be maintained in Agrobacterium, Bradyrhizobium, and Rhizobium species under conditions that select for plasmid maintenance. It is lost efficiently from these populations on release of selection.
Incompatibility group N (IncN) plasmids of Escherichia coli are conjugative and display a broad host range (18) . They have been isolated in nature from Escherichia, Klebsiella, Salmonella, Shigella, Proteus, and Providencia species (18) , and in the laboratory they have been transferred to Caulobacter (7) and Myxococcus (14) species. To understand the basis of such a broad host range and to exploit them as cloning vectors, a systematic screening of the bacteria into which they are transferred and maintained is essential.
pCU1 is a well-characterized self-transmissible IncN group plasmid (9, 21) . In this paper we report an analysis of the host ranges of pCU1 and of its miniderivative, pCU785, which contains the regions of pCU1 required for stable maintenance in E. coli (its minireplicon). The oriT of RK2 in pCU785 enables its conjugative mobilization to a wide variety of gram-negative bacteria (see Results and Discussion). This strategy circumvents any limitation(s) in the host range of the transfer system of pCU1. An assessment of the transferability of pCU1 and of this mini-pCU1::oriT (RK2) (i.e., pCU785) to different bacterial species and of intracellular maintenance of the plasmids following transfer will then reveal the steps (i.e., transfer and/or maintenance) at which the host range of pCU1 becomes limited.
Recently a phylogenetic classification of bacteria based on their rRNA sequence has been proposed (25, 26) . For the present study we chose to select species on the basis of this molecular taxonomy.
(This study forms part of a Ph.D. dissertation to be submitted to Carleton University by B.R.K.)
MATERIALS AND METHODS
Bacterial strains and plasmids. The bacterial strains used and their sources are given in Table 1 . Plasmids pCU1 (21), pCU45 (9) , pGS28, and pSF6 (16) are from our laboratory; RK2 (15, 23) was obtained from D. Helinski; and pJHN11 was obtained from J. Nash.
Media and chemicals. Luria broth (LB [13] ) was used as the standard medium, except for Agrobacterium, Bradyrhizobium, and Rhizobium spp., which were grown in TYC broth (17 acid, 50; rifampin, 150; spectinomycin, 50; streptomycin, 50; and tetracycline, 20. Higher concentrations (200 ,ug/ml) of kanamycin, streptomycin, and spectinomycin were used for Pseudomonas species. In liquid media, the antibiotics were used at half the concentrations given above. Restriction endonucleases were purchased from Amersham (Canada) Ltd., and T4 DNA ligase was purchased from Bethesda Research Laboratories, Inc. They were used as described by Maniatis et al. (12) .
Plasmid DNA manipulations. Plasmid DNA was isolated by cesium chloride-ethidium bromide density gradient centrifugation as described by Konarska-Kozlowska and Iyer (8) . Rapid analysis of recombinant plasmids was done by the alkaline denaturation procedure (1) . Gel electrophoresis of digested plasmid DNA was done with 0.7% horizontal agarose slab gels in Tris-borate buffer (12) .
Bacterial transformation, conjugal matings, and test for stable maintenance of the plasmid. E. coli was transformed as described by Cohen et al. (6) , except that the cells were grown to competence in LB with 10 mM MgCl2 and were washed twice in 75 mM CaCl2. Bacterial matings were carried out on membrane filters (22) . E. coli C600(pCU1), S17-1(pCU785), and DF1012(RK2) were used as the donors.
Spontaneous Rif' or Nalr mutants of the species listed in Table 2 least three times, and a summary of the three experiments is shown in Table 3 .
RESULTS AND DISCUSSION
Limitations to the host range of a conjugative plasmid include its inability to be self-transferred to a bacterial recipient in a mating reaction or the inability of the plasmid to replicate and to be maintained intracellularly following such a transfer. The tra system of RK2, composed of a set of trans-acting tra regions and a cis-acting oriT (origin of transfer) region, has been shown to be promiscuous (for a Pseudomonas stutzeri JM300 0.5 x 10-8 to 3 x 10-8 <1 x 10-9 4 x 10-" to 4 x 10-7 Pseudomonas stutzeri PSZ-1 <1 x 10-9 <1 x 10-9 6 x 10-7 to 4 x 10-6 Salmonella typhimurium 2.5 x 10-6 to 9 x 10-4 1. ' Nalr strains were used in these mating experiments. In all other cases Rif' strains were used. review, see reference 23) . To be able to mobilize a minipCU1 replicon into as wide a range of bacterial species as possible, we used a plasmid carrying the oriT of RK2. The trans-acting tra functions of RK2 were provided by plasmid RP4 (similar or identical to RK2 [23] ) inserted into the chromosome of E. coli S17-1 (19) . The construction of this mini-pCU1::oriT (RK2) plasmid, called pCU785, is shown in Fig. 1 . pCU45 contains the minimal replicon of pCU1 cloned into pBR329 (9) . The smaller EcoRI-PstI fragment of the plasmid pCU45 was replaced with the smaller EcoRI-PstI fragment of pSF6 (16) containing the oriT region of RK2 to yield pRI101. The HindlIl internal fragment of TnS containing the Kmr gene in pJHN11 was then cloned into the unique HindIII site of pRI101 to obtain pRI106. pCU785 was then constructed by cloning the 2-kilobase BamHI fragment of pRI106 into the single BamHI site of pGS28 (16) . pGS28 is a clone of a deletion derivative of pCU1 (pCU32 [9] ) containing oriT of RK2. All three recombinant plasmids, pCU785, pRI101, and pRI106, were transferred (mobilized) at frequencies comparable to that of RK2 in matings between E. coli strains. Thus, the tra and oriT systems of RK2 function as efficiently in trans as they do when they are in cis. No transfer (<10-9 per recipient) of the RP4-determined markers was observed in matings between E. coli S17-1 and other E. coli strains. The results of the experiments in which E. coli strains carrying pCU1 or pCU785 were mated with various bacterial species are shown in Table 2 . Transcipient strains that arose were further tested for the maintenance of plasmid markers in the absence of selection for plasmid maintenance. The results of these experiments are shown in Table 3 . Both sets of results are discussed here together. The tra system of pCU1, like that of RK2, exhibits a broad host range. It is known to transfer plasmids from E. coli to distantly related bacteria such as Azospirillum, Azotobacter, Proteus, Pseudomonas, and Rhizobium species (V. N. Iyer, in C. Thomas and C. Franklin (ed.), Promiscuous Plasmids of Gram-Negative Bacteria, in press). Also, transfer of a hybrid plasmid, pGS36, containing the replicon of RK2 and the tra system of pCU1, to Acinetobacter, Aeromonas, Proteus, and Rhizobium species has been observed (P. Mayers and V. N. Iyer, unpublished data). Taken with this evidence, our inability to recover transcipients of either pCU1 or pCU785 in Acinetobacter calcoaceticus, Proteus mirabilis, Pseudomonas cepacia, Pseudomonas stutzeri PSZ-1, and Rhizobium leguminosarum indicates that the pCU1 replicon does not function in these hosts, and it is this inability that acts to limit the host range of pCU1. We conclude that the host range of the tra system of pCU1 is less limited than that of its replicon. The species in which the pCU1 replicon is unable to function are distributed in the alpha (R. leguminosarum), beta (P. cepacia), and gamma (A. calcoaceticus) subdivisions of purple bacteria, whereas other species within these subdivisions allow the pCU1 replicon to function. Thus, the host factors that act to limit the host range of the pCU1 replicon do not follow the phylogenetic classification based on rRNA sequence similarity. In contrast to these results, transcipients of RK2 could be recovered from all of these host species (15; this study) except Oceanospirillum minutulum. We did not detect bacterial strains that enable the pCU1 replicon, and not the RK2 replicon, to function. Thus, a second conclusion is that within the purple bacteria the host range of the IncN replicon (as exemplified by that of pCU1) is not as extensive as that of the IncPl replicon (as exemplified by that of RK2). Limitations to the host range of the IncN group plasmids have also been reported by Tardif and Grant (20) . In their studies, IncN group plasmids were found to be either transferred inefficiently or maintained unstably in nonenteric bacteria.
The second group of bacteria (Agrobacterium and Bradyrhizobium species and Rhizobium melitoti) are those in which transcipients of both pCU1 and pCU785 were detected and both the plasmids were lost on release of selection. Another IncN plasmid, RN3, has been reported to be suicidal in Agrobacterium species (11) . As a rule, but not always (e.g., R. meliloti and pCU785), the transcipient frequency of these bacteria for one or both of the plasmids was also low (10-7 to 10 -9 per recipient). However, members of this group can be distinguished from those of the first group by the fact that they do allow stable maintenance of the plasmid(s) under circumstances that select for plasmid maintenance. Both the plasmids are lost only on release of selection. Thus, the factors in these bacteria that limit host range must be different from those 
